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DT04 Rec'd PCT/PTO 0 A OCT 2004 
Folding machine for folding a continuous web material and folding method 

Description 

Technical Field 

The present invention relates to a folding machine to fold a web material 
5 along transverse folding lines. More specifically, the invention relates to a fold- 
ing machine of the type comprising a pair of counter-rotating folding rollers, 
placed side by side and with axes parallel, each of which has at least a gripping 
member to grasp the web material along transverse fines and make folds along 
said lines. 

10 The invention also relates to a means to folding a continuous web mate- 

rial according to transverse zigzag lines. 
State of the art 

In many folding machines used in the paper converting field to produce 
for example folded paper napkins, a' continuous web material - which may be 

15 previously folded according to a longitudinal line - is fed to a pair of counter- 
rotating folding rollers, arranged with parallel axes and side by side with each 
other to define a nip through which the web material is fed. Disposed on each 
roller are members that make the fold in the web material. The aforesaid mem- 
bers are disposed and controlled so that the web material is folded in zigzkgs, 

20 adhering alternately first to one and then to the other of the two counter-rotating 
folding rollers. The pack formed of the web material folded in a zigzag is then 
cut by a blade and divided into two rows of paper napkins or similar folded 
products. _ - 
A machine of this type is described for example in WO-A-9728076 and in 

25 WO-A«0162651. Other examples of folding machines are described in US pat- 
ent 3.195.882. in US patent 3.229.974. in US patent 3.820.774, in US patent 
3.689.061 , in German patent 4.446.753 and In Gemn'an patent 429.288. 

The folding members of these folding machines' include on each folding 
roller a gripping member which with each turn of the roller grips the web mate- 

30 rial along a folding line. To Insert the web material into the gripping member, re- 
spective folding blades or wedges are located on the two folding rollers, in posi- 
tions angularly staggered with respect to the gripping members. To make a fold 
a folding blade of one of the two folding rollers and a gripping member of the 
other folding roller are in angular positions so that they come to correspond with 

1 
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each other in the nip defined between the two folding rollers, and the web mate- 
rial is pushed by the folding blade inside the gripping member. 

Typically, each of the two folding rollers has at least one folding blade 
and one gripping member, so that for each complete turn of the pair of folding 
rollers at least two folds are made on the web material. 

The presence of folding blades and gripping members on the counter- 
rotating folding rollers makes these machines particularly complex from a me- 
chanical viewpoint. Moreover, the mechanical action of the folding blade or 
wedge on the web material tends to damage it. The folding blades are subject 
to rapid wear with consequent maintenance costs. 
Objects and summary of the invention 

The object of the present invention is to produce a folding machine of the 
aforesaid type, which is simpler, but at the same time efficient and reliable. 

This and further objects and advantages, which shall be apparent to 
those skilled in the art by reading the text hereunder, are obtained essentially 
with a folding machine comprising in combination: at feast one folding roller with 
at least one mechanical gripping member to grasp' the web nriaterial; associated 
with said at least one gripping niember, a gaseous flow member, such as an air 
flow member to insert the web material towards said gripping member. 

According to a first embodiment, the gas or air flow member includes a 
suction member to pull the web material towards or in said gripping member. 

According to a different embodiment, the gas or air flow member includes 
an air ejection member, to generate a flow of compressed air to push the web 
material towards or in said gripping member. 

In practice, two counter-rotating folding rollers may be arranged side by 
side, each provided with one or more gripping members. 

With an arrangement of . this type the web material is inserted Into the 
gripping member by the effect of suction, without requiring to provide a folding 
blade on the opposed folding roller. This considerably simplifies the machine 
structure, as only gripping members with the respective suction system are pro- 
vided on each folding roller, it being no longer necessary to provide the folding 
blades. Moreover, the suction effect is less likely to damage the web material 
with respect to the mechanical action of usual folding blades, in particular when 
extremely soft or embossed products are processed, which are easily marked 
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by the action of mechanical members. 

It is also achieved the advantage of greater operating tolerance, with re- 
spect to an entirely mechanical folding machine, wherein much greater preci- 
sion is required to synchronize the movements of the folding blade with respect 
5 to the gripping member. On the contrary, by using suction to make the web ma- 
terial penetrate the gripping member, even noteworthy approximations are ac- 
ceptable in synchronizing the movements. 

in practice, to obtain correct and reliable operation and reduce consump- 
tion, each of the suction members Is associated with a device to activate and 

10 deactivate suction as a function of the angular position of the respective folding 
roller, the suction member of each folding roller being active for a fraction of a 
complete turn of the respective folding roller. 

Each of the gripping members can include a movable element cooperat- 
ing with a first stop, said suction member using suction to position the web ma- 

15 terial between said movable element and said stop. For this purpose, suitable 
devices can be provided to limit the effect of suction to the desired zone. In 
practice, each of the folding rollers can be provided with at least one cavity es- 
sentially parallel to its axis of rotation and open on the cylindrical surface of the 
folding roller, inside which the reispective gripping member is housed, with a 

20 suction duct, which is part of the respective suction member, temninating in said 
cavity. In this case each of said cavities are advantageously provided with 
means to limit the effect of suction on one side of the movable element, be- 
tween it and said first stop. For this' purpose, a first block defining the first stop 
with which the respective movable element cooperates can, for example, be 

25 fixed in each cavity. This first block delimits a suction compartment in connec- 
tion with the suction duct and is provided vvith a plurality of suction . holes distrib- 
uted along the longitudinal extension of said first block and temriinating on a sur- 
fgce of said block positioned on the opposite side with respfect to said isuction 
compartment and facing the movable element; This surface may be specifically 

30 shaped to form a sealing surface cooperating with an oscillating shaft forming 
part of the movable element. The holes are in this case disposed between the 
first stop defined by said block and said sealing surface. 

To connect each rotating folding roller to a fixed suction line, each of said 
folding rollers may advantageously be associated with a sliding block with a 

3 
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connecting channel between said suction line and a suction duct in the respec- 
tive folding roller. This sliding block rests on a sliding surface provided on the 
folding roller, typically and advantageously on one of the two faces of the roller 
and in particular preferably the upper, surface. 
5 The sliding block may advantageously be resiliently pushed against said 

sliding, surface produced on the respective roller. It may have an elongated ap- 
erture communicating with the respective folding roller. 

The devices to activate and deactivate suction can be adjustable, to ad- 
just the opening and closing position of suction as a function of the angular po- 
10 sition of the respective folding roller. For this purpose, when a sliding block is 
provided to pneumatically connect the folding roller with a suction line, this slid- 
ing block can be designed so that it is disposed in a specific angular position 
adjustable in respect of the relative folding roller, so as to adjust the positions in 
which suction starts and stops. - 
15 If an air ejection member is used to push the web material towards the 

gripping member, said air ejection member can be anranged on tiie surface of 
one folding roller or of a roller parallel and adjacent to a folding roller, in a posi- 
tion phased with the position of the gripping member on the opposed folding 
roller, such that the air ejection member passes in front of the gripping member 
20 in correspondence of the nip formed between the folding rollers while the rollers 
rotate. A gripping member and an air ejection member, arranged in diametrically 
opposed positions, can be provided oh each folding roller when the machine 
includes two parallel and adjacent folding rollers. 

Further advantageous features and embodiments of the machine accord- 
25 ing to the invention are indicated in the appended dependent claims. 

According to a different aspect, the invention relates to a method for fold- 
ing a web material according to transverse folding lines, comprising the steps 
of: 

providing at least one folding roller provided with at least one mechanical 
30 gripping member; 

rotating the folding roller feeding the web material to it; 
engaging the web material with said at least one gripping member. 
Characteristically, according to the invention the web material is inserted 
into the respective gripping members by an air flow, such as by suction. 



wo 2004/071921 



PCT/IT2004/000050 



In practice, two folding rollers may be provided, placed side by side and 
provided with gripping members that grip the web material alternately, to fold It 
in a zigzag. 

Further advantageous characteristics of the method according to the in- 
5 vention are indicated in the appended claims and shall be described with refer- 
ence to the accompanying drawings. 
Brief description of the dravwnas 

The invention shall now be better understood by following the description 
and accompanying drawing, which shows non-limiting embodiments of the in- 
10 vention. In particular, in the drawing: 

Figure 1 shows a front view of the machine with the respective pair of 
folding rollers; 

Figure 2 shows a plan view according to line 11-11 in Figure 1; 

Figure 3 shows a side view and partial longitudinai section of one of the 
15 two folding rollers, without the internal members; " 

Figure 4 shows a longitudinal section of a portion of the folding roller with 
the gripping members mounted thereon; 

Figure 5 shows a section according to line V-V in Figure 1; 

Figure 6 shov\« a section according to line VI-VI in Figure 1 ; 
20 Figure 7 shows an enlarged longitudinal section of the suction zone of 

one of the folding rollers; 

Figure 8 shows a detail of the plan view of the assembly flange of the 
suction unit including the sliding block; 

Figure 9 shows a front view of one of the blocks forming the stop for the 
25 movable element of the gripping memben 

Figures 10 and 11 show cross sections according to lines X-X arid XI-XI 
in Figure 9; 

Figure 12 shows a section according to line XII-XII in Figure 7; 

Figures 13A to 13C show three different angular positions of the folding 
30 rollers in the phase to make a fold In the web material, in a section orthogonal to 
the axes of rotation of the rollers; 

Figure 14.shows a schematic and plan view'of a modified embodiment of 
the invention; 

Figures 15A and 15B schematically show in a view equivalent to the view 
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in Figure 5, an improved embodiment of the Invention; 

Figures 16A, 16B and 16C show a schematic enlargement of the folding 
' zone in three successive moments of the folding operation In the embodiment of 

Figures 15A and 15B; and 
5 Figs.17A, 17B show the folding zone in two successive moments of the 

folding operation in a different embodiment, where a flow of compressed air is 
used to push the web material towards the gripping member. 
Detailed description of the preferred embodiments of the invention 

With initial reference to Figure 1 , the folding machine has a pair of folding 
10 rollers 1 and 3 rotating around respective vertical axes of rotation 1A and 3A, 
arranged parallel to each other and at a distance such that the two folding roll- 
ers 1, 3 are placed side by side at a nip 5. The folding roller 1 is supported by 
means of tangs 1C and 1D In corresponding supports 7, 9. The folding roller 3 
is supported analogously by tangs 3C and 3D in supports 11 and 13. 
15 The two folding rollers 1 and 3 are carried in rotation in opposed direc- 

tions (arrows f1 and f3 in Figures 5 and 6) by means of a toothed wheel 14 that 
meshes with a toothed wheel 15 keyed onto the shaft of the folding roller 1, and 
which In turn meshes with a toothed wheel keyed onto the shaft of the folding 
rollers. 

20 Mounted at the upper end of the shaft 1C of the folding roller 1 is an ec- 

centric 19 that, by means of a rod 21, supplies an alternate movement to a 
rocker ami 23 (see Figure 2). The rocker arm 23 is keyed onto a vertical shaft 
25, parallel to the axes of two folding rollers 1, 3 and cam'es Integral with It a 
shaped plate 26 that Is inseriied Into an annular groove 27 In the folding roller 1 . 

25 Coupled to the rocker amn 23, at the opposite end with respect to the 

coupling of the rod 21, Is another rod 29, the opposite end of which is hinged to 
a bracket 31 keyed onto a shaft 33, parallel to the shaft 25. Integral with the 
shaft 33 is a plate 35, analogous to the plate 26 integral with the shaft 25, and 
which is Inserted into a groove 37 provided In the folding roller 3. 

30 As can be seen in particular in the section in Figure 5 and, limited to the 

folding roller 3, in the section in Figure 3, longitudinal seats or cavities, indicated 
• generally with 41 for both rollers, are produced inside the two folding rollers 1, 
3. The two cavities are symmetrical with each other as can be seen in' particu- 
lar in Figure 5 and the folding rollers are synchronized with each other so that 
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the cavities are in diametrally opposite positions. 

The cavities 41 terminate on the cylindrical surface of each of the two 
folding rollers 1, 3. Housed in each of the two seats or cavities of each folding 
roller 1 ,. 3 is a gripping member indicated as a whole with 43, which is used to 
5 grip and fold the web material N fed into the nip 5 between the two folding roll- 
ers 1, 3. The two gripping members 43 are symmetrical with each other and 
only one of them will be described in detail hereunder. 

The gripping member Includes, as can be seen in particular in Figure 4, a 
shaft with an oscillation axis 45A parallel to the axis of rotation of the respective 
10 folding roller. The shaft 45 is supported by bearings 47 and 49 housed in the re- 
spective folding roller. 

The shaft is provided with an oscillating movement around its axis, con- 
trolled by means of a cam 51 which has a channel 53 inside which a wheel or 
feeler 55 engages, keyed onto a spindle 57 connected by means of a bracket 
15 59 to the shaft 45 (see In particular Figure 4). With this arrangement the cam 
51, which Is fixed In respect of the machine stmcture, controls oscillation of the 
wheel 55 and of the respective spindle 57 around the axis of oscillation 45A of 
the shaft 45, which will consequently be carried In rotation In turn. 

A strip 61 Is Integral with the shaft 45, fastened to said shaft 45 by means 
20 of screws 62. The strip 61 extends radially until reaching approximately the cy- 
lindrical surface of the respective folding roller 1 or 3. When the cam. with the 
channel 51 makes the shaft 45 oscillate around its axis, the strip 61 oscillates 
between two positions defined by two stops formed by a first block indicated as 
a whole with 63 and by a second block indicated as a whole with 65. The two 
25 blocks 63, 65 are housed In the seat or cavity 41 bf the respective folding roller. 

The first block 63, shown In greater detail In Figures 9 to 11 and de- 
scribed hereunder, Is fixed to the respective folding roller by means of screws 
67, while the block 65 is fixed to the roller by means of screws 69. The blocks 
63 and 65 extend longitudinally, parallel to the axis of the respective folding 
30 roller, for approximately Its entire height and therefore Involve the entire axial 
extension of the cavity 41. The block 65 has a longitudinal groove 71 housed 
Inside which Is a rectilinear gasket 73. with a circular cross section, which forms 
an elastic stop for the strip 61. 

With reference in particular to Figures 5, 9, 10 and 1 1 , the block 63 has a 

7 



wo 2004/071921 



PCT/IT2004/000050 



cylindrical surface 63A which, when the block is mounted in the respective fold- 
ing roller, is flush with the cylindrical surface of the folding roller. This cylindrical 
surface is interrupted by a groove 63B, at the annular groove 37 or 27 of the 
folding rollers or 1. 

5 Along one of the edges delimiting the cylindrical surface 63A of the block 

63 a stop surface 63C is formed; when the block is mounted In the respective 
folding roller, this surface is positioned in front of the gasket 73 of the block 65. 
On the same side of the stop surface 63C, the block 63 has a second cylindrical 
surface 63D the curvature radius of which is essentially equivalent to the curva- 

10 ture radius of the cylindrical surface of the shaft 45. As can be seen in particular 
in Figure 5, in fact, the shaft 45 practically grazes the cylindrical surface 63D of 
the block 63 for the purposes to be clarified hereunder. 

The block 63 also has a plurality of through holes 63E that allow the two 
opposed faces of the block to communicate: the face on which the cylindrical 

15 surface 63D is produced and the back face on which a flat part 63F is produced. 
When mounted, the flat part 63F faces an elongated aperture 77 (see in particu- 
lar Figure 3) communicating with a suction member comprising a suction duct 
79 produced in the body of the respective folding roller and terminating on the 
upper flat surface thereof. Therefore, a suction compartment 78 is defined be- 

20 tween the flat part 63F and the suction duct 79. 

The suction ducts 79 of the two folding rollers 1 , 3 are connected (in the 
way to be described in detail hereunder with reference to Figures 7 and 12) to 
suction means tiiat produce a vacuum In a part of the cavity 41 of the respective 
folding roller for the purposes described hereunder. 

25 The suction duct 79 communicates with the surface of the block 63 facing 

. the strip 61 through the through holes 63E. With this an^ngement, by means of 
the suction duct 79 (when a vacuum is formed In it) a vacuum is created In the 
volume delimited by the strip 61 with the relative support, by the shaft 45 and by 
the face of the block 63 facing the strip 61. This volume is indicated with V in 

30 Figure 5. 

To connect the suction duct 79 of each of the two folding rollers 1 , 3 to 
the suction, for example a line connected to a fan, a connecting arrangement is 
provided cooperating with the upper front or base surface of each of the two 
rollers, indicated with IF for the folding roller 1 and with 3F for the foldlna roller 
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3. This arrangement is shown in detail in Figure 7 for the folding roller 3. The 
folding roller 1 has a symmetrical arrangement. 

The end of the respective suction duct 79 terminates on the front surface 
1F and .3F of each of the two folding rollers 1 and 3. A sliding block 81 also 
5 rests on said front surface, by means of a plate 83 in a material with a low coef- 
ficient of friction. The sliding block 81 is slidingly engaged to two guide columns 
85 blocked vertically in respective couplings 87- These couplings are in turn 
fixed to a flange 89 attached to a portion 91 of the fixed structure of the ma- 
chine. Two compression springs 93 (one of which can be seen in Figure 7), 
10 stress the sliding block 81 against the front surface of the respective folding 
roller 1 or 3. 

The flange 89 is shown in a plan view in Figure 8. The number 95 indi- 
cates two threesomes of holes of the fixing screws 97 of the retaining couplings 
87 for the guide columns 85. As can be seen in Figure 8, the flange 89 is pro- 

15 vided with two curved slots 99. Two screws (one of which Is Indicated with 101 
in Figure 7) are inserted in these to fix the flange 89 to the machine structure 
91. Thanks to the curved slots 99, by loosening the screws 101 it is possible to 
adjust the angular position of each flange 89 with respect to the axis of the rela- 
tive folding roller 1 or 3. In this way the angular position of the respective sliding 

20 block 81 can be adjusted. 

The structure of the sliding block 81 is shown in detail in Figures 6 and 
12. It has a main body In which a lowered seat 103 is made, inside which the 
plate 83 is housed. The main body and the plate 83 of the sliding block 81 have 
a hole with an oblong section 105, which extends parallel to the axis of the fold- 

25 ing rollers 1 and 3. The oblong hole 105 Is joined to a lateral hole 107 Con- 
nected to a suction tube 109 in turn connected to a fan or another suitable suc- 
tion member, not shown. 

With this arrangement, when the folding roller 1 or 3 rotates around its 
axis, suction is produced inside the suction duct 79'for the entire arc of rotation 

30 of the roller along which the inlet of the suction duct 79, located on the frontaj 
surface of the respective folding roller, is in flow connection with the oblong hole 
105 formed in the sliding block 81. As the angular position of the flange 89 can 
be adjusted, this allows adjustment of the angular positions at which suction 
starts and stops inside the suction duct 79. 



9 
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The folding machine described hereinbefore operates in the following 

way. 

The two folding rollers 1 and 3 rotate in opposed directions as repre- 
sented by the arrows f1 and f3, while the web material N (which may already be 
5 folded according to a continuous longitudinal folding line), is fed into the nip 5 
between the two folding rollers. As can be seen in particular in Figures 5 and 6 
and in the sequence In Figures 13A-13C, the gripping members housed in the 
two cavities 41 of the two folding rollers 1 and 3 are disposed In synchronized 
angular positions so that when the gripping member of the folding roller 3 Is at 

10 the nip 5, the gripping member associated with the folding roller 1 Is in a posi- 
tion diametrally opposite wrth respect to the nip between the rollers. 

The two angular positions shown in Figures 13A and 13C are those in 
which suction starts and stops through the suction duct 79 associated with the 
folding roller 3. The angular position in Figure 13B is iiitemiediate between the 

15 two suction start and stop positions and con-esponds to the position in which the 
gripping member associated with the folding roller 3 is in the nip 5 between the 
two folding rollers. 

In the position In Figure 13A the elastic strip 61 of the gripping member 
associated with the folding roller 3 Is positioned, as a result of oscillation of the 

20 shaft 45 canying It, against the elastic gasket 73, so as to leave a slit between 
the strip 61 and the rear stop 63C formed by the block 63. The web material N 
is drawn through this slit, which extends for the entire height of the folding roller 
3, as a result of suction produced through the duct 79 and through the volume.V 
(Figure 5). The web material consequently forms a loop that is inserted between 

25 the stop 63C and the free edge of the elastic strip 61. 

Continuing rotation of the folding rollers 1 and 3. while suction Is main- 
tained through the suction duct 79 in the folding roller 3, the cam 51 causes os- 
cillation of the shaft 45 associated with said folding roller, making It rotate 
clockwise so that the elastic strip 61 pinches the web material, which has 

30 wedged in the slit defined by the strip 61 and by the stop 63C as a result of suc- 
tion, against the stop 63C 

Cpntinuing counter-clockwise rotation of the folding roller 3, the mechani- 
cal restraint produced on the web material by 'the elastic strip 61 and by the stop 
$ZC causes it to fold along a transverse line. Moving away from the nip 5 be- 
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tween the folding rollers 1 and 3, suction through the duct 79 associated with 
the folding roller 3 is interrupted and the web material is held on the surface of 
the folding roller 3 purely as a result of mechanical restraint. The. oscillating 
plate 35 associated with the folding roller 3 is in Its withdrawn position inside the 

5 groove 37 of the roller. Consequently, the folded web material N is carried over 
the curved portion of said plate. After reaching a sufficiently advanced angular 
position, the strip 61 is opened as a result of clockwise oscillation of the shaft 45 
and the portion of folded web material is detached from the folding roller 3 by 
means of controlled oscillation of the plate 35. This operation to detach the web 

10 material folded by the folding roller is per se known and analogous to that of 
known machines. 

When the folded web material is released from the folding roller 3, the 
gripping member carried by the folding roller 1 is moving towards the nip 5 be- 
tween the folding rollers and is therefore close to the position in which suction is 

15 activated on the roller 1. An analogous folding phase performed by the folding 
roller 1 then starts. 

It is apparent from the above description that with the suction system as- 
sociated with the folding rollers 1, 3 the web material N is inserted Into the grip- 
ping member formed by the strip 61 and by the stop 63C as a result of suction, 

20 without the need to provide a blade for mechanical folding. With respect to tradi- 
tional machines (for example of the type described in WO-A-0 162651) the ma- 
chine Is considerably simplified, as It is unnecessary to provide mechanical sys- 
tems to control oscillations of tiie blade to insert the web material in the gripping 
member. Moreover, the absence of folding blades also allows gentler handling 

25 of the material to be folded, which is therefore less liable to undergo damage 
during folding. 

In the text hereinbefore, the invention has been described applied to a 
specific folding machine, provided with two folding rollers, on which the inven- 
tion allows particular advantages to be attained. Nonetheless, it can also be ap- 
30 plied to folding machines of different conformation. As an example, Figure 14 
shows a folding machine wherein the web material is cut into sheets prior to 
transverse folding. The machine schematically is provided with a cutting unit 
composed of two counter-rotating cylinders with parallel axes 501, 503. A nip is 
defined between these cylinders, through which the web material is fed. which 
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may be folded longitudinally prior to transverse cutting and folding. The num- 
bers 509 and 51 1 indicate pairs of blades and counter-blades carried by the two 
cylinders 501 , 503. The web materia! N cut into single sheets Is held on the sur- 
face of the cylinder 503 by suction holes, not shown, and the Individual sheets 
5 are thereby made to enter a nip defined by the cylinder 503 and by a folding 
roller 505. In the example shown, this has a pair of mechanical gripping mem- 
bers 513 that may be produced analogously to the mechanical gripping mem- 
bers of the previous embodiment. The number 515 schematically indicates suc- 
tion members that can in practice be produced in the same way as those de- 

10 scribed with reference to the previous figures and which have the same function 
of using suction to make a portion of the Individual sheets of web material N en- 
ter the gripping member. 

The folding roller 505, which rotates around its axis 505A, forms a nip 
with a distributor roller 507 that has suction holes and that Is used to divide the 

15 flow of folded sheets so that they are distributed (in a way known per se) Into 
two rows F1, F2 upon delivery from the nip between the rollere 505 and 507. 

It is apparent from this schematic example that the suction system ac- 
cording to the Invention utilized to Insert a loop of web material into the gripping 
member to make the fold facilitates production of a machine wherein the fold is 

20 performed on the web material previously divided into portions or sheets. 

Figures 15A and 15B show, in two consecutive moments during rotation 
of the folding rollers, a plan view and partial section of the folding rollers in an 
improved embodiment of the invention. Equivalent numbers indicated equiva- 
lent or con-espondlng pari:s to those in the previous Figures 1 to 13. Besides 

25 some differences in the form of the blocks 63 and 65 housed In the cavity or 
seat 41, the embodiment In Figures 15A, 158 differs from the previous one for 
the different configuration of the volume V wherein suction is produced. In this 
' case suction on the web material to be folded is exerted directly through the 
through holes 63E produced in the block 63 and terminating on the surface of 

30 said block against which the strip 61 nips the folded material. 

The essential difference with respect to the previous embodiment, how- 
ever, lies in the presence on each folding roller 1, 3, In a position diametrally 
opposite with respect to the seat in which the folding strip 61 is housed, of an 
element that facilitates start of suction of the material to be folded between the 
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Strip 61 and the block 63. This element is constituted by an insert 201 fixed in a 
notch of the respective roller 1 or 3, extending parallel to the axis of rotation of 
the roller. The number 203 indicates fixing screws. In practice, the Insert 201 is 
divided into two portions, separated by the groove 27 or 37 of the respective 
5 roller. 

. The insert 201 has a ribbing or projection 201 A that projects slightly (for a 
few tens of millimeter, typically 0.1-0.5 mm) from the cylindrical side surface of 
the respective folding roller 1, 3. The two rollers 1, 3 are synchronized so that 
the projection 201 A is carried in front of the suction compartment between the 

10 strip 61 and the block 63 of the opposed roller. In the sequence represented in 
Figures 15A, 15B two positions spaced apart in time by an extremely brief inter- 
val can be seen: in the position in Figure 15A the projection 201 A is located in 
front of the suction compartment and makes the web material N to be folded, 
when it reste on said projection, project towards the opposed roller (roller 3 in 

15 the position shown). This facilitates pick-up of the material by suction. In Figure 
15B the subsequent position is shown, in which the projection 201 A (as a result 
of rotation of the folding roller 1) moves away from the strip 61. Said strip has 
not yet pinched the web material N, which has been engaged by suction and 
forms a loop between the block 63 and the strip 61. Therefore, contrary to the 

20 method used by known folding machines, wherein the web material is pinched 
by a strip acting against an insertion wedge to obtain the fold, in the configura- 
tion shown herein there is no mechanical cooperation between the blade 61 and 
the projection 201 A, that is the web material is not gripped or pinched between 
strip 61 and projection 201 A. The operating principle is clearly shown in the se- 

25 quence in Figures 16A, 16B, 16C which show the two folding rollers in three 
consecutive angular positions while making the fold In the web material N. 

The insert 201 with the projection 201 A facilitates pick-up by suction of 
the web material by the suction device and allows even greater operating 
speeds to be attained. The solution can also be adopted in the configurations of 

30 the folding rollers shown in the previous figures. In the configuration with only 
one folding roller in Figure 14, the insert 20 can be fitted on the cylinder 503. 

Figs. 17A and 178 show yet a further embodiment of the invention. Siriii- 
lar or corresponding elements are designated with the same reference numbers 
as in the previous figures. Each folding roller 1, 3 has' a cavity 41 into which a 
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Strip 61 is oscillatingly housed. The strip 61 is supported by an oscillating shaft 
45 and forms part of the gripping member designated 43 as a whole. The strip 
61 is designed to grip or grasp the web material and fold it by pinching between 
the strip 61 and a fixed abutment 62 extending along the opening of the seat or 
5 cavity 41 on the suri'ace of the respective roller. 

In a position diametrically opposed to the position of the gripping member 
formed by the strip 61 each folding roller 1, 3 is provided with a linear air nozzle 
601 extending parallel to the axis of the folding roller and for approximately its 
entire axial length. Instead of a linear air nozzle 601, a line of individual nozzles 
10 can be provided. The nozzle is housed in a longitudinal notch in the cylindrical 
surface of the folding roller. Advantageously, the nozzle projects slightly, e.g. 
0.1-0.5 mm, from the roller surface. 

As can be seen in the figures, the position of the air nozzles 601 and of 
the gripping members on the two rollers 1, 3 is such that during rotation of the 
15 rollers 1,. 3 a nozzle 601 of one roller faces a gripping member of the opposed 
roller in the nip 5 between the rollers to generate a fold in the web material N. 
Before reaching the position of Fig.17A, where the two elements 601 and 61 are 
faced one opposed to the other in the nip N, the nozzle 601 starts to generate 
an air jet, e.g. by means of compressed air coming from a line of compressed 
20 air from a fan or a compressor. Flow connection between the fan and the nozzle 
601 can be designed similar to the flow connection described above with re- 
spect to the previous embodiments. 

When the nozzle 601 faces the gripping member, the air flow generated 
by the nozzle 601 pushes the web material N towards and into the gripping 
25 member, between the abutment 62 and the strip 61. A loop of web material is 
thus formed inside the cavity 41, between abutment 62 and strip 61, Immedi- 
ately aftenvards (Fig.17B) the strip 61 is oscillated to pinch the loop of web nfia- 
terial. N between the strip 61 and the abutment 62, thus forming the fold. 

As in the previous embodiments, also in the embodiment of Figs. 17A, 
30 17B the web material is introduced into the gripping member without mechani- 
cal action. The slight projection of the nozzle 601 from the suri'ace of the roller 
facilitates the formation of the loop, without mechanical contact between the 
nozzle and the gripping member. 

The nozzle 601 can be connected to a fen or an air compressor through 
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a compressed air line, similarly to what has been disclosed before with refer- 
ence to the suction system and the suction line. Phasing of the air jet can also 
be obtained in a way similar to the one disclosed above for synchronizing the 
suction effect. 

In the drawings the strip 61 is designed with an abutment near to its dis- 
tal edge, I.e. to the edge which is farther away from the oscillation axis. This 
abutment provides a limitation to the dimension of the loop formed by the air 
flow, i.e. a limitation to the amount of web introduced into the gripping member. 
The abutment could be formed by the roller rather than by the strip 61 . A similar 
arrangement can be provided also in the previously described embodiments, to 
limit the amount of web material sucked into the folding roller. 

It is understood that the drawing purely shows a possible embodiment of 
the invention, the forms and layouts of which may vary without however depart- 
ing from the scope of the concept on which the Invention is based. The pres- 
ence of any reference numbers in the appended claims has the sole purpose of 
facilitating their reading reference being made to the description hereinbefore 
and of the accompanying drawings and does not In any way limit the scope of 
protection. 



15 



wo 2004/071921 



PCT/IT2004/000050 



10 



CLAIMS 

1. Folding machine to fold a web material (N) along transverse fold- 
ing lines, comprising at least one folding roller (1 . 3; 505) provided with at least 
one gripping member (43; 513) to mechanically grasp the web material (N) 
along a folding line; 

characterized in that a gaseous flow member (79; 51 5; 601) is associated with 
said at least one gripping member (43; 513) to insert the web material Into said 
gripping member (43; 513). 

2. Machine according to claim 1. characterized in that said gaseous 
flow member is a suction member to draw the web material (N) towards said 
gripping member (43; 513). 

3. Machine as claimed in claim 1 or 2, characterized in that it com- 
prises two counter-rotating folding rollers (1, 3), with parallel axes, each of 
which is provided with at least one gripping member (43). 

^- ^omg machine as claimed In claim 2 or 3, characterized in that 
each of said suction members (79) is associated with a device to activate and 
deactivate suction as a function of the angular position of the respective folding 
roller (1. 3; 505). the suction member (79) of each folding roller (1, 3; 505) being 
active for a fraction of a complete turn of the respective folding roller. 

5. Folding machine as claimed in one or more of claims 2 to 4, cha'r- 
acterize.d in that said gripping member (43; 513) corpprises a movable element 
(61) cooperating with a first stop (63C), the web material being sucked by said 
suction member (79; 515) between said movable element (61) and said stop 
(63C). 

6. Folding machine as claimed In claim 5, characterized in that said 
movable element (61) cooperates with a second stop (73). said first and said 
second stop defining a slit essentially parallel to the axis of rotation (1A. 3A; 
505A) of the respective folding roller, the movable element (61) extending in 
said slit. 

7. Folding machine as claimed in one of more of the previous claims 
characterized in that each of said folding rollers (1 ; 3) comprises at least a cav- 
ity (41) substantially parallel to Its axis of rotation (1A, 3A) and open on the cy- 
lindrical surface of the folding roller, inside which the respective gripping mem- 
ber (43) is- housed, and in that a suction duct (79) terminates in said cavity. 

16 
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8. Folding machine as claimed in claim 5 and 7, characterized in that 
each of said cavities (41) are provided with means to limit the effect of suction 
on one side of the movable element (61). between it and said first stop (63C). 

9. Folding machine as claimed in at least claims 5 and 7 or 5 and 8, 
5 characterized in that a first block (63) defining said first stop (63G) is fixed in 

said' cavity (41). • 

10. Folding machine as claimed in at least claims 6 and 7, character- 
ized in that a second block (65) defining said second stop (73) is fixed in said 
cavity (41). 

10 11. Folding machine as claimed in at least claim 9, characterized in 

that said first block (63) delimits a suction compartment (78) in connection with 
said suction duct (79) and is provided with a plurality of suction holes (63E) dis- 
tributed along the longitudinal extension of said first block (63) and temilnating 
on a suri'ace of said block positioned on the opposite side with respect to said 

15 suction compartment (78) and facing the movable element (61). 

12. Folding madiine as claimed in claim 11; characterized in that said 
movable element is supported by a shaft (45)' oscillating around its longitudinal 
axis (45A), support:ed in said cavity (41), and in that said first block (63) has a 
sealing surface (63D) cooperating with said oscillating shaft (45), said holes 

20 (63) terminating between the first stop (63C) defined by said first block (63) and 
said sealing surface (630). 

13.. Folding machine as claimed in one of more of the previous claims, 
characterized in that each of said gripping members (43) includes an elastic 
strip (61). 

25 14. Folding machine as claimed in claim.'12 and 13, characterized in 

that said elastic strip (61) is integral with said oscillating shaft (45) and cooper- 
ates with said first stop (63C). 

15. Folding machine as claimed in one of more of the previous claims, 
characterized in that each of said folding rollers is associated with a sliding 

30 block (81) with a communication channel (105, 37) between a suction line (109) 
and a suction duct (79) in the respective folding roller, said sliding- block resting 
on a sliding surface (1 F, 3F) of the folding roller (1 , 3)'. 

16. Folding machine as claimed in claim 15, characterized in that said 
sliding surface is disposed on a front surface of the respective folding roller (1 , 
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3) on which said suction duct (79) terminates. 

17. Folding machine as claimed in claim 15 or 16, characterized in 
that said sliding block is resiliently pushed against said sliding surface (1F, 3F). 

18. Folding machine as claimed in claim 15, 16 or 17, characterized in 
that said sliding block has an elongated aperture (105) communicating with the 
respective folding roller. 

19. Folding machine as claimed in at least claim 4, characterized in 
that said devices to activate and deactivate suction are adjustable, to adjust the 
positions in which suction is opened and closed as a function of the angular po- 
sition of the respective folding roller. 

20. Folding machine as claimed in claim 15, 16, 17 or J 8, character- 
ized in that said sliding block (81) is disposed in a specific angular position ad- 
justable with respect to the relative folding roller (1 ,3). 

21. Folding machine as claimed in claim 20, characterized in that said 
sliding block (81) is engaged with a flange (89) coaxial to the respective folding 
roller (1, 3), the angular position of which around the axis of the folding roller (1, 
3) is adjustable. 

22. Folding machine as claimed in one of more of the claims 1 , 4-21 , 
characterized in that a cutting unit (501, 503) that cuts the web material (N) into 
single sheets, which are folded by said folding roller, is associated with said 
folding roller (505). - 

23. Folding machine as claimed in claim 22, characterized in that said 
cutting unit has two counter-rotating cylinders (501, 503) with axes parallel to 
each other and to the folding roller, which define between them a nip through 
which the web material is fed, and provided with blades and counter-blades 
(509, 511) to cut the web material (N), and in that one of said two counter- 
rotating cylinders (501. 503) forming the cutting unit fomis with the folding roller 
a nip through which the cut web material is fed. 

24. Folding machine as claimed in one of more of the previous claims, 
characterized in that said at least one folding roller (1; 3; 505) cooperates with a 
counter-roller (3; 1; 503), on which a projection (201 A) .is provided extending 
parallel to the axis of said rollers, the position of said projection being synchro- 
nized with respect to the position of said gripping member, to facilitate pick-up 
of said web material (N) by suction. 

18 
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25. Folding machine as claimed in claims 3 and 24, characterized in 
that a corresponding projection (201A) is provided on each of said folding roll- 
ers, each projection (201 A) of one of said folding rollers (1, 3) cooperating with 
a gripping member of the opposite folding roller. 
5 26. Folding machine as claimed in claim 1, characterized in that said 

gaseous flow member includes an air ejection member (601), to push the web 
material inside said gripping member (43). 

27. Folding machine as claimed in claim 3 and 26, characterized in 
that on each folding roller an air ejection member (601) and a gripping member 

10 (43) are provided, arranged on diametrically opposed positions. 

28. Folding machine as claimed in claim 26 or 27, characterized in 
that said gaseous flow member includes at least one air nozzle (601). 

29. Folding machine as claimed in claim 28, characterized in that said 
nozzle is a linear nozzle extending parallel to the axis of the folding roller (1, 3). 

15 30. A method for folding a web material according to transverse fold- 

ing lines, comprising the phases of: 

providing at least one folding roller (1); 

providing, on said folding roller at least one gripping member (43); 
rotating said folding roller around its axis; 
20 - feeding the web material to said folding roller; 

engaging the web material with said at least one gripping member of said 
folding roller; 

characterized in that the web material is inserted into said gripping member by 
means of a gaseous flow! 
25 31. Method as claimed in claim 30, characterized in that said web ma- 

terial is inserted into said gripping nhember by suction. 

32. Method as claimed in clairh 30, characterized in that said web ma- 
terial is inserted into said gripping member by means of an air jet. 

33. Method as claimed in claim 30 or 31 or 32, characterized by pro- 
30 viding two counter-rotating folding rollers with parallel axes, which define a nip 

through which the web material Is fed, each of said folding rollers being pro- 
vided with at least one gripping member, and in that the web material is en- 
gaged alternately with a gripping member (43) of the first folding roller (1) and 
with a gripping member of the second folding roller (3), to fold said web material 

19 
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in a zigzag. 

34. Method as claimed In one or more of claims 30 to 33, character- 
ized by activating the gaseous flow associated with each of said gripping mem- 
bers in an angular position of the respective folding roller upstream of the nip (5) 

5 between the two folding rollers, and deactivating said gaseous flow after the 
web material has been engaged by the respective gripping member. 

35. Method as claimed in claim 34, characterized In that said gaseous 
flow Is deactivated when the respective gripping member has passed beyond 
the nip between said folding rollers. 

10 36. Method as claimed in one or more of the claims 30 to 35, charac- 

terized by pinching the web material between a stop (63C), fixed with respect to 
the relative folding roller (1 , 3), and a movable element (61). 

37. Method as claimed in claim 36, characterized in that said gaseous 
flow is concentrated between the fixed stop and said movable element. 

15 38. Method as claimed in one or more of the claims 30 to 37, charac- 

terized by facilitating the formation of a fold in said web maiterial in front of said 
gripping member. 

39. • Method as claimed in claim 38, characterized in that folding is fa- 
cilitated by a projection provided on a roller (3, 503) positioned opposite to said 

20 at least one first folding roller (1). 

40. Method as claimed in claim 38 or 39, characterized in that said 
griplping member does not coofDerate mechanically with said projection. 
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